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(54) Position determination device on a linear actuator using a stepping motor 



(57) A positional determination device which is 
d rived according to the pulse signals output to a step- 
ping motor 1 and displaces a nut 2 to a position corre- 
sponding to the degree of rotation. In order to adjust the 
initializing position of a feed mechanism, the stepping 
motor 1 is rotated and the nut 2 displaces until it 
reaches the limiting position (LimA) defined by the stop- 
per 3a. When initializing, the pattern of temporarily stop- 
ping the stepping motor 1 for a period corresponding to 
a pulse number (N2) at each pulse number (N1) and 
rotating is repeated. As a result the rotations of the step- 
ping motor 1 become gentle and even if the nut 2 were 
to collide with the stopper 3a at the limiting position, the 
reverse rotation of the stepping motor 1 can be pre- 
vented and accurate adjustment of the initializing device 
can be performed. 
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Description 

[0001] The contents of Tokugan Hei 9-234179, with 
filling date of August 29, 1997 in Japan, are hereby 
incorporated by reference. 5 

FIELD OF THE INVENTION 

[0002] The present invention relates to a positional 
determination device having a feed mechanism which 10 
uses a stepping motor as its source of motive force and 
more particularly the invention relates to the adjustment 
of the initialization of the stepping motor. 

BACKGROUND OF THE INVENTION 15 

[0003] Positional determination devices which use 
stepping motors as a source of motive force are dis- 
closed in JP-Tokkai Hei 7-31081 1, Tokkai Hei 8-178063 
and Tokkai Hei 9-31 7570. 20 
[0004] This device is provided with a feed mechanism 
which is driven by a stepping motor. An engaging nut 
with a screw shaft compose the feed mechanism, the 
nut displaces in response to the rotation of the screw 
shaft. The nut is connected with a control means and its 25 
position is controlled by the rotation of the stepping 
motor. Pulse signals are utilized for controlling rotation 
of the stepping motor. The number of pulses determines 
the amount of rotation, that is to say, the displacement. 
[0005] The displacement of the feed mechanism 30 
diverges from its target position if the stepping motor 
does not correctly rotate corresponding to the number 
of input pulses. Although this kind of divergence, in 
other words, irregularity in the stepping motor, does not 
happen very often, it does happen on occasion. It is 35 
necessary to initialize the stepping motor feed mecha- 
nism to correct such a divergence. 
[0006] For example, in Tokkai Hei 8-1 78063, stoppers 
are respectively provided on the limiting positions of the 
displacement range of the nut. When initializing, the 40 
stepping motor is rotated, the nut is displaced until it hits 
either of the stoppers and its terminal position is set as 
the initializing position. 

[0007] When initializing, if there is a divergence in the 
nut position, the nut will collide with the stopper before 45 
reaching the number of rotations which the stepping 
motor has previously calculated. In this case, the force 
of the collision due to the speed of the stepping motor's 
rotation causes the stepping motor to rebound or 
reverse. The stepping motor reverses in the same so 
sequential rotation in the opposite direction by the 
number of input pulses left over. This phenomenon is 
particularly likely to occur in stepping motors with a 
small number of magnetic poles. As a result, the posi- 
tion of the nut when the stepping motor has stopped 55 
rotating does not correspond with the position of the 
stopper. Therefore in this situation the problem has 
arisen that initializing has not been correctly performed. 



SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro- 
vide initialization of a stepping motor correctly under 
normal conditions. 

[0009] It is a further object of the present invention to 
carry out correct initialization without using a special 
sensor or switch. 

[0010] In order to achieve the above objectives, the 
positional determination device of the present invention 
is provided with a stepping motor which rotates on the 
basis of pulse signals in fixed time intervals, a controller 
which outputs the pulse signals to the stepping motor 
and controls the rotations and a movable member which 
moves toward a target position through a feed mecha- 
nism on the basis of the amount of rotations of the step- 
ping motor. Furthermore the invention is provided with 
stoppers placed respectively on the limiting positions of 
the movable range of the movable member and an ini- 
tializing mechanism which rotates the stepping motor 
until the movable member reaches the stopper and 
adjusts the initializing position of the feed mechanism. 
The initializing mechanism repeats the pattern of rotat- 
ing the stepping motor by only a fixed number of pulses, 
stopping the rotations for a period corresponding to that 
fixed number of pulses until the movable member 
reaches the stopper. 

[0011] Furthermore the initializing mechanism rotates 
the stepping motor continuously without any temporary 
terminations until just before the displacement member 
reaches the stopper. Furthermore the initializing device 
lengthens the intervals between the pulse signals on 
commencement of rotating the stepping motor. 
[0012] The details as well as other features and 
advantages of this invention are set forth in the remain- 
der of the specification and are shown in the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Figure 1 is a system view which shows the variable 
control device of a V-belt type continuously variable 
transmission which is provided with the initialization 
device in accordance with this invention. 

Figure 2 is a flow chart which shows a program of 
the initialization and variable control carried out by 
the controller. 

Figure 3 is a flow chart which shows the program of 
initialization executed by the controller. 

Figure 4 shows the relation between a speed ratio 
and a stepping motor stroke. 

Figure 5 is a diagram of the pattern of variable con- 
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trol used when changing speed. 

Figure 6 (a) and (b) are time charts which show 
pulse signals output from the controller when initial- 
izing. 

Figure 7 is an enlarged view of a positional determi- 
nation device which uses a stepping motor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Figure 1 shows an example of a variable con- 
trol device for use with a V-belt type continuously varia- 
ble transmission. 

[0015] A V-belt type continuously variable transmis- 
sion is provided with a primary pulley 10 which acts as 
an input pulley for inputting the engine rotations and a 
secondary pulley 1 1 which outputs the rotations after a 
change in speed. The V-belt 12 is wound between the 
primary and secondary pulleys 10,11. 
[0016] The V-belt continuously variable transmission 
is constituted by the variable groove width of the pulleys 
10, 11. Changes in the groove width changes the radius 
of the wound pulleys 10. 1 1 , that is to say, they change 
the pulley ratio. This allows the continuous variation of 
the transmission ratio of the rotational speed. 
[0017] As a result the primary pulley 10 is provided 
with a movable flange 10b which is movable in the axial 
direction with respect to a fixed flange 10a. The V 
groove width changes depending on the degree of dis- 
placement. The movable flange 10b is provided with a 
piston to allow its displacement. The piston moves in 
response to variable control pressure P s and as a result 
varies the V groove width. 

[0018] In the same way, the secondary pulley 1 1 com- 
prises a movable flange 11b which is movable in the 
axial direction and forms the movable pulley V groove 
with respect to the fixed flange 1 la. Line pressure P L is 
applied to the piston of the movable flange 1 1b. 
[001 9] However since area of the piston on which the 
control pressure acts on the primary pulley side 10 is 
large, when the groove width on the primary side 
changes, the groove width of the pulley 1 1 on the sec- 
ondary side which is linked through the V-belt 12 
changes. Therefore the pulley ratio changes depending 
on the variable control pressure P s and the variable 
speed ratio is continuously controlled. 
[0020] The control line for line pressure comprises a 
pressure source such as a pump and a pressure regu- 
lator valve 14 which adjusts the working oil to a line 
pressure P L . It further comprises a pressure modifier 
valve 15 for supplying modifier pressure P M used for 
controlling line pressure to the pressure regulator valve 
14, a line pressure solenoid valve 16 for supplying the 
control pressure of the pressure modifier valve 15 and 
pilot valve 17 for applying a constant pressure P c to the 
solenoid valve 16. 



[0021 ] The pressure regulator valve 1 4 displaces with 
respect to modifier pressure P M . In this way it drains a 
portion of the working oil from the pressure source 1 3 to 
the drain port 14 and maintains the pressure of the line 

5 22 to the line pressure P L according to the modifier 
pressure P M . The pressure regulator valve 14 lets 
(leaks) a portion of the working oil into the line 21 . 
[0022] The pilot valve 1 7 adjusts oil from the line 21 to 
the constant pressure P c and supplies it to the line 

10 pressure solenoid valve 16. On the basis of the constant 
pressure P c , the line pressure solenoid valve 16 adjusts 
to a duty pressure Pq according to a motive duty D. This 
pressure is sent to the modifier valve 15 which 
increases it to the modifier pressure P M . This is supplied 

15 to the pressure regulator valve 14 and the line pressure 
P L above is regulated thereby. Therefore the line pres- 
sure P L depends on the solenoid motive duty D control- 
led by the controller 5. 

[0023] The variable control system comprises a varia- 

20 ble control valve 18 for determining the variable control 
pressure P s , the variable link 19, and the feed mecha- 
nism for linking with the stepping motor. 
[0024] One end of the variable link 19 is connected to 
the shifter 20 which displaces together with the movable 

25 flange 10b of the primary pulley 10. The other end is 
connected to the nut 2 which is joined to the lead screw 
4 of the stepping motor 1 . Furthermore a position along 
the variable link 1 9 is connected to the spool 1 8a of the 
variable control valve 18. 

30 [0025] The variable control valve 18 reduces the line 
pressure P L from the line 22 and regulates the variable 
control pressure P s lead into the line 23. When the 
spool 18a displaces to the upper part of the diagram 
and the variable control pressure Ps rises and the spool 

35 18a displaces downwardly, the variable control pressure 
P s is reduced through the variable line 23 into the drain 
port 18b. 

[0026] The displacement of the spool 18a is controlled 
by the stepping motor through the variable link 19. The 
40 rotational position of the stepping motor 1 is determined 
by the controller 5 and by this, variable control is carried 
out as shown below. 

[0027] The controller drives the solenoid valve 16 as 
discussed above and controls the line pressure. It also 
45 drives the stepping motor 1 and carries out variable 
control. Further it initializes the transmission device via 
the stepping motor 1 . 

[0028] In order to carry out such control, the signal 
from the vehicle speed sensor 30 which detects vehicle 

so speed (VSP), the signal from the throttle aperture sen- 
sor 31 which detects the engine throttle aperture (TVO), 
and the signal from the oil temperature sensor 32 which 
detects the temperature T of the working oil in the trans- 
mission are input into the controller. 

55 [0029] The controller 5 performs initialization and var- 
iable control according to the control programs set out in 
Figures 2 and 3. 

[0030] First the invention will be explained on the 
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basis of Figure 2. 

[0031 ] In a step 50, it is determined whether or not the 
power source of the controller 5 has just been turned on 
or not, that is to say, whether the engine has just been 
activated or not. II it is immediately after activation, In a 5 
step 51 which corresponds to a stationary vehicle 
detecting means, it is determined whether the vehicle is 
running or is stationary on the basis of the vehicle 
speed (VSP). 

[0032] If the vehicle is stationary, initialization of the 
stepping motor is performed as detailed below. 
[0033] Furthermore, even if, in the step 50, it is deter- 
mined that the power source has not just been switched 
on, if it is determined in a step 64 that the vehicle is sta^ 
tionary from the vehicle speed (VSP) or subsequently in 
a step 65, if it is determined that the brake switch is ON 
and that the lowest speed ratio has been selected, ini- 
tialization is performed. 

[0034] In a step 52, the oil temperature of the working 
oil in the transmission is read and in a step 53, the 
motive speed (Step Speed) of the stepping motor 1 is 
determined on the basis of the oil temperature (T). The 
motive speed (Step Speed) of the stepping motor 1 
decreases as the oil temperature decreases and the 
motive torque increases. The viscosity resistance of the 
variable control valve 18 increases as the oil tempera- 
ture (T) decreases and the required motive force of the 
stepping motor 1 increases as a result. 
[0035] In a step 54, the nut 2 is moved to the limiting 
position (LimA) on the minimum variable ratio side 
which is limited by a stopper 3a. Refer to Figure 3 for a 
concrete example of the control. 
[0036] While the stepping motor 1 is rotated intermit- 
tently, control continues until it is determined that the ini- 
tializing counter (Init Count) has reached a count value 
constituting a (Full Step) with respect to the limiting 
position (LimA) on the side nearest the minimum speed 
variable ratio on the hardware limit shown in Figure 4. 
The stepping motor 1 then moves the nut 2 to the limit- 
ing position (LimA) defined by the stopper on the side 
closest to the minimum speed variable ratio. 
[0037] In the steps 70 and 71 , the initializing counter 
(Init Count) and the motive pulse counter (N Count) are 
reset to 0. Then in a step 72, single pulses are output to 
drive the stepping motor 1 towards the minimum varia- 45 
ble ratio side (Lo). In a step 73, each time a pulse signal 
is output, the pulse counter (N Count) counts the pulse. 
[0038] In a step 74, the output of signal pulses is 
repeated until the pulse counter (N Count) reaches the 
count value (N1) which shows that a predetermined so 
number of pulses has been equaled. When the fact that 
the count has reached a count value of (N1) in a step 74 
is detected, in a step 75, the initializing counter (Init 
Count) is incremented by the count value (N1) and the 
process continues to a step 76. 55 
[0039] In the step 76, the output of pulse signals to the 
stepping motor 1 is stopped at time intervals corre- 
sponding to the determined pulse number (N2). 



[0040] After that time, in a step 77, it is determined 
whether or not the initializing counter (Init Count) has 
reached a count value (Full Step), which shows the pre- 
determined pulse number (Nail). If it is determined in 
the step 77 that the initializing counter (Init Count) has 
not reached the count value (Full Step) the process is 
returned to the step 71 and the process is repeated. 
[0041 ] In other words, the pattern of rotating the step- 
ping motor 1 by a fixed number of pulses (N1) and stop- 
ping it intermittently for a period corresponding to a feed 
number of pulses (N2) is repeated (refer to Figure 6) and 
the process of control in steps 71 = 77 continues until 
the initializing counter (Init Count) reaches a set count 
value of (Full Step). 

[0042] The count value (Full Step) has a fixed value at 
this point. Even if it is assumed that in the step 70, the 
stroke of the stepping motor 1 (the position of the nut of 
the feed mechanism) is at the limit (LimB) on the side 
closest to the maximum speed variable ratio, the initial- 
izing counter (Init Count) is set so that the limiting posi- 
tion (LimA) on the side closest to the minimum speed 
variable ratio will definitely be reached by the time the 
count value is a (Full Step). 

[0043] When the limiting position of the stepping 
motor is reached, the process returns to the control pro- 
gram in Figure 2. 

[0044] After the timer (TM) is incremented in a step 
55, in a step 56, after a fixed waiting time (TMs) has 
elapsed and the stepping motor is moved to the limiting 
position on the side of the minimum variable ratio, the 
process continues to a step 58 when the waiting time 
(TMs) has elapsed. 

[0045] In the steps 58 = 61 , the stepping motor 23 
returns from a limiting position on the initializing driving 
position, that is to say, on the minimum variable ratio 
side to a position from which it can begin normal varia- 
ble control slightly on the high variable ratio side. 
[0046] In a step 58, the initializing counter (Init Count) 
is reset to 0. In the steps 59, 60 the stepping motor 1 is 
returned to the high speed variable ratio side one step 
at a time at the above speed (Step Speed). As shown in 
Figure 4, the stepping motor continues to rotate until the 
initializing counter (Init Count) reaches the count value 
(Lo Lim Step) which corresponds with the minimum 
speed variable ratio existing in the limiting range nXdue 
to the stopper. If it is determined in the step 61 that the 
count value (Lo Lim Step) has been reached, the proc- 
ess continues to the step 62 where the initializing posi- 
tion of the stepping motor is set with the command value 
(A step) of the stepping motor 1 at 0. 
[0047] In this way the initializing of the stepping motor 
is carried out and the initializing position of the transmis- 
sion device is set to a position in which the actual con- 
trol corresponds to the minimum possible variable ratio 
that is to say it is correctly set to 0. 
[0048] If it is determined in the steps 51 ,64 that the 
vehicle is running; the motor driving command value (A 
step) is set as discussed below. In a step 66 which cor- 
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responds to an actual variable ratio calculation means, 
the pulley transmission ratio (variable ratio) is calcu- 
lated. In the step 67 which corresponds to a motor rota- 
tion position estimation means, the stroke of the 
movable flange 10b of the primary pulley (Pri Stk) is 
estimated. In a step 68 which corresponds to a running 
motor command value initializing means, the motor driv- 
ing command value (A step) is set to this stroke (Pri 
Stk,). 

[0049] Once initializing is completed, in the next step 
63, normal variable control is performed. 
[0050] In this variable control domain, the controller 5 
searches for the input rotation number (Nis) which 
should be used as a standard from the vehicle speed 
(VSP) and the degree of throttle aperture (TVO) on the 
basis of the map which corresponds to the variable con- 
trol characteristics as shown in Figure 5 and indicates 
the corresponding standard rotation position of the step- 
ping motor 1 to the motor as a stepping motor command 
value (A step). 

[0051] Thus the stepping motor 1 is driven to the 
standard rotation position at the speed (Step Speed) 
and as a result the stepping motor 1 directly impels the 
variable link 19 along the shifter 20 and the variable 
control valve spool 18a is moved through a stroke to a 
corresponding position. 

[0052] In this way the variable speed ratio is controlled 
so that the variable control valve 18 changes the varia- 
ble control pressure (Ps) and hence the movable 
flanges 10b, 1 1 b of both the pulleys 10. 1 1 vary and the 
standard input rotation number (Nis) is reached. 
[0053] Furthermore the movement of the movable 
flange 10b of the primary pulley 10 is fed back to the 
variable control valve spool 18a through the shifter 20 
and the variable link 1 9. As a result when a variable ratio 
is reached which corresponds with the standard input 
rotation number Nis, the variable control pressure is 
maintained at that pressure and it is possible to main- 
tain the variable ratio. 

[0054] Next the initializing process of the stepping 
motor will be explained with reference to Figure 6. 
[0055] Figure 6 (a) is a time chart showing the pulse 
signal which should be processed by the controller 5. 
The figure shows step-type pulses and those parts 
shown by a solid line are real pulses which are actually 
processed by the controller 5 in the present invention. 
Those parts shown by a broken line are parts to which 
imaginary pulses are outputted that is to say parts to 
which pulses are not outputted or parts to which pulses 
are output but which the controller 5 does not process. 
Further, each pulse signal is outputted in equal time 
intervals. 

[0056] When initializing, rf it is assumed that the pulse 
number (set number Nail) which is processed by the 
controller 5 is six. then, in the prior art, six pulses, which 
contain the pulses in the solid and broken lines, are out- 
putted continuously in equal time intervals from the left 
side of the figure with all pulses being real ( domain A). 



[0057] In contrast, in the present invention, while the 
pattern is repeated of temporarily stopping at each real 
pulse number N1 (=2) shown by a solid line for a period 
corresponding to an imaginary pulse number N2 (=6) 

5 shown by a broken line and outputting a pulse signal of 
a set number Nail (=6) (Domain B). In other words, after 
rotating the motor 1 by two real pulses, the pattern of 
the six pulses namely of stopping the pulse output for a 
period of two imaginary pulses or stopping calculation 

10 processing and temporarily stopping the stepping motor 
is repeated. Furthermore the values of the pulses N1, 
N2 are not limited to the above values but could be for 
example N1=4, N2=4. Furthermore the relation 
between the number of pulses N1 , N2 does not neces- 

7 5 sarily have to take the same mutual values: N1> N2 or 
N1<N2. 

[0058] As is clear from Figure 6(a), after initialization, 
the controller 5 while repeating the pattern of temporar- 
ily stopping the rotation of the stepping motor for a 

20 period corresponding to a fixed number of pulses N2 at 
each fixed pulse number N1, outputs pulses signals of 
predetermined numbers Nail. In this way when initializ- 
ing, even if the nut 2 rebounds after touching the stop- 
per 3a while the stepping motor 1 is rotating since the 

25 stepping motor 1 is not continuously rotating, the 
rebound is weak and the inverse rotation of the stepping 
motor 1 can be accurately stopped. 
[0059] Therefore even if pulse signals are input after a 
collision with the stopper, the nut 2 can be stopped in 

30 that position. 

[0060] Figure 6(b) shows the example of the fixed 
number Nail of pulse signals being processed while the 
pattern of temporarily stopping the rotations of the step- 
ping motor 1 for a period of a fixed number of pulses N2 

35 (=2) at each fixed number of pulses N1 (=7) is repeated. 
[0061] Two types of control will be explained here. 
[0062] In aspect 1. when the stepping motor 1 begins 
to rotate, for example, the control is such that the initial 
pulse time interval (t1 , t2) is longer than the time inter- 

40 vals of other pulses (t3~t7). Thus since the stepping 
motor 1 begins to rotate at a low speed, even if the nut 
2 touches the stopper 3a immediately after the stepping 
motor 1 begins to rotate, the rebound is small. There- 
fore when the stepping motor 1 begins to rotate, if the 

45 time intervals between the pulse signals are length- 
ened, the degree to which divergence is prevented is 
conspicuous. 

[0063] In aspect 2, when the stepping motor 1 is 
stopped, it means that control is such that pulse times 

so (t6, t7) are lengthened relative to other pulse times 
(t1~t5). In this case, since the stepping motor 1 is 
stopped at a low speed, even if the nut 2 touches the 
stopper 3a immediately after the stepping motor 1 has 
begun to stop, the rebound will be small. Therefore even 

55 if the pulse time intervals are lengthened when the step- 
ping motor 1 begins to stop, the degree to which diver- 
gence can be prevented is conspicuous. 
[0064] Furthermore by rotating the stepping motor 1 
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slowly at the commencement and termination of rota- 
tion, it is possible to greatly increase the motive torque 
anc accurately commence rotating and apply braking. 
[0065] Aspect 2 as discussed above, may be applied 
singly but has a preferred application in combination s 
with aspect 1. 

[0066] In the respective aspect, at the same time that 
initialization is commenced, the pattern of stopping the 
stepping motor 1 temporarily for a period corresponding 
to a fixed number of pulses N2 at each fixed pulse 10 
number Nl is repeated and the set number Nail of pulse 
signals is processed. However in another aspect, the 
stepping motor 1 may be continuously rotated during 
initialization without temporarily stopping it until just 
before the nut 2 reaches the stopper limiting position 15 
(LimA). In this case, the present position is estimated 
from the data used in the previous positional determina- 
tion and the stepping motor 1 may be continuously 
rotated without temporarily stopping it until just before 
the nut 2 reaches the stopper limiting position (LimA) 20 
and then intermittent rotational control is performed as 
above until just before the limiting position (LimA) is 
reached. In such a way it is possible to quickly perform 
initialization. 

[0067] The above examples are merely preferred 25 
embodiments of the present invention. It is possible to 
add various changes within the scope of the inventive 
idea according to the person skilled in the art. For exam- 
ple the initialization device according to the present 
invention need not necessarily be used in variable 30 
speed control device of a V-belt type continuously varia- 
ble transmission but may also be used in precision man- 
ufacturing devices, precision measuring devices and 
information apparatus. 

35 

Claims 



10 

fixed number of pulses and then stops the rota- 
tions for a period corresponding to a fixed 
number of pulses until said movable member 
(2) reaches said stopper (3a,3b). 

2. A device as defined in claim 1, wherein said initiali- 
zation mechanism (5) rotates said stepping motor 
(1) continuously without any temporary stopping it 
until just before said movable member (2) reaches 
said stopper(3a,3b). 

3. A device as defined in claim 1 , wherein said initiali- 
zation mechanism (5) makes the time interval of the 
pulse signal longer when said stepping motor (1) 
begins to rotate. 

4. A device as defined in claim 1 , wherein said initiali- 
zation mechanism (5) makes the time interval of the 
pulse signal longer just before stopping said step- 
ping motor(1). 

5. A device as defined in claim 1 . wherein said mova- 
ble member (2) is a member which determines the 
variable speed control position of the automatic 
transmission. 



1 . A positional determining device having a stepping 
motor (1) which rotates based on a pulse signal of 
a fixed time interval, a controller (5) which outputs 40 
pulse signals to said stepping motor (1) and con- 
trols the rotations and a movable member (2) which 
displaces to a target position due to a feed mecha- 
nism according to the degree of rotation of said 
stepping motor (1), comprising 45 

stoppers (3a,3b) placed respectively at the lim- 
iting position of the movable range of said mov- 
able member (2) and 

so 

an initialization mechanism (5) which rotates 
said stepping motor (1) until the movable mem- 
ber (2) reaches said stopper (3a,3b) and 
adjusts the initial position of said feed mecha- 
nism, characterized in that ss 

said initializing mechanism (5) repeats the pat- 
tern of rotating said stepping motor (1) by a 



BNSDOCID: <EP 0899865A2_L> 



EP 0 899 865 A2 




7 



BNSDOCID: <EP 0899865A2J_> 



EP 0 899 865 A2 



FIG. 2 



( START ) 50 
V [ 
(immediately ofter ignition 0N> 



64 

L 



Yes 



Yes 



vehicle Stopped > 



66 



< Vehicle Running ) 



Pulley Tronsmission 
Ratio C olculotion 



Primary Pulley Stroke 
PrLStk Calculation 



I 



_r68 



T Read 
— j 



"5/ t YeT 

/ Park Broke In 
YesV Operation Minimum 
ySpeed Vorioble Ratio 

^ — — — t — 

65 



<52 



Step Speed 
Determination 



A«step*-Pri»Stk 



'53 



Minimum Variable Ratio 
Motive Control 



✓54 



JM*JM+l_J-*55 

-56 
No 




Hi Side 1 Pulse 
Motive Command 

I 



1— yS< 

Init'Count=Init«Count-H \ 



■60 



1 



/ 1 s. No 

ynit-Count=Lo-Litn«Step7 KTxi 
tYes ^ n 



1 A'Step — Q 



E 



Variable Control 

( end y 



-65 




.089986 5A2J_> 



EP 0 899 865 A2 



FIG. 3 



( START )■ 



No 



lnit*Count=0 



N'Count=0 



Lo Side 1 Pulse 
Motive Command 



I 



N-Count 
=N*Count-M 



Ihit«Count 
=lnit-Count+Nl 



-70 



-71 



-72 



-73 




Fixed Pulse Number N2 
Time Inter vol Termination 



-76 




BNSDOCID: <EP_ 



_0899865A2_L> 



EP 0 899 865 A2 



FIG. 4 



UmB 



CO 
© 



CO 
cx> 

3' 



o 
o 

O 



LimA 



^o*Lim*SteRj" 




3 
CO 
CD 



Speed 

Variable 

Ratio 



Stopper Limit 



10 



BNSDOCID: -EP 089986SA2.I_> 



EP 0 899 865 A2 



FIG. 5 




Vehicle Speed (VSP) 



BNSDOCID: <EP 0899865A2_L> 



11 



EP 0 899 865 A2 




12 

BNSDOCID: <EP 0899865A2_I_> 



EP 0 899 865 A2 



FIG. 7 



i 



AX 



17" 



L/ 



3a 



RZ Z ZZ ZZ 



T 



LimA xo 



2 

LimB 



13 



BNSDOCID: <EP 0 89986SA2 I > 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



( ii) EP 0 899 865 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

06.09.2000 Bulletin 2000/36 

(43) Date of publication A2: 

03.03.1999 Bulletin 1999/09 

(21) Application number: 98116212.6 

(22) Date of filing: 27.08.1998 



(51) Int. Cl 7 : H02P8/08, F16H 25/20, 
F16H 61/38 
// F16H61/00 



(84) 


Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




lshii,Shigeru 




MCNLPTSE 




Atsugi city, Kanagawa (JP) 




Designated Extension States: 


• 


Jozaki, Tateki 




AL LT LV MK RO SI 




Zama City, Kanagawa (JP) 


(30) 


Priority: 29.08.1997 JP 23417997 


(74) 


Representative: 




Grunecker, Kinkeldey, 


(71) 


Applicant: 




Stockmair & Schwanhausser 


NISSAN MOTOR COMPANY LIMITED 




Anwaltssozietat 




Yokohama-city, Kanagawa-prefecture (JP) 




Maximilianstrasse 58 








80538 Munchen (DE) 



(54) Position determination device on a linear actuator using a stepping motor 



(57) A positional determination device which is 
drived according to the pulse signals output to a step- 
ping motor 1 and displaces a nut 2 to a position corre- 
sponding to the degree of rotation. In order to adjust the 
initializing position of a feed mechanism, the stepping 
motor 1 is rotated and the nut 2 displaces until it 
reaches the limiting position (LimA) defined by the stop- 
per 3a. When initializing, the pattern of temporarily stop- 
ping the stepping motor 1 for a period corresponding to 
a pulse number (N2) at each pulse number (N1) and 
rotating is repeated. As a result the rotations of the step- 
ping motor 1 become gentle and even if the nut 2 were 
to collide with the stopper 3a at the limiting position, the 
reverse rotation of the stepping motor 1 can be pre- 
vented and accurate adjustment of the initializing device 
can be performed. 



FIG. 7 




CO 

< 

to 

CO 

o> 

CD 
00 

o 
Q. 

LU 

Primed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCtD: <EP 0899865A3J_> 



EP 0 899 865 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 6212 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



US 5 624 349 A (YAMAMOTO MAS AH I RO) 
29 April 1997 (1997-04-29) 
* abstract; figures 1,2 * 



1,5 



H02P8/08 
F16H25/20 
F16H61/38 
//F16H61/00 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 6) 



H02P 

F16H 



The present search report has been drawn up for all claims 



THE HAGUE 



Oat* ot completion ot toe Match 

14 July 2000 



Beyer, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant If combined with another 

document of the ea me category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or princple underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
0 : document cited in the application 
L : document cited lor other reasons 



A : member of the same patent family, corresponding 
document 



BNSDOCID: <EP 0899865A3_I_> 



EP 0 899 865 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 11.6212 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 

The members are as contained in the European Patent Office EOP file on ( t ^ 

The European Patent Office is in no way liable for these particulars which are merely given for me purpose of information. 

14-07-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



US 5624349 A 29-04-1997 OP 8178063 A 12-07-1996 



% For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



BNSDOCID: <EP 089986SA3J_> 



